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The f l i g h t  mechanics and performance c a p a b i l i t i e s  of 
A p o l l o  Extens ion  Systems miss ions  a r e  reviewed. 

P resen t  AES ground r u l e s  do not  cover  t r a j e c t o r y  
d e s i g n .  S t r i c t  adherence to Apollo Opera t iona l  Nominal 
T r a j e c t o r y  Ground Rules* w i l l  p r e c l u d e  a m a j o r i t y  of t h e s e  
m i s s i o n s .  J u d i c i o u s  m o d i f i c a t i o n s  of t h e s e  ground r u l e s ,  
however, appear  t o  be p o s s i b l e  wi thout  s e r i o u s l y  degrading  the  
mis s ion  r e l i a b i l i t y .  Such m o d i f i c a t i o n s  would r e n d e r  f e a s i b l e  
a l l  AES mis s ions  that  are c u r r e n t l y  be ing  cons idered .  

Payloads have then  been e s t i m a t e d  for each  mis s ion  
and t he  cor responding  f l i g h t  p l a n s  cons ide red .  S a t u r n  I B  
l aunch  v e h i c l e s  are used for l o w  a l t i t u d e  e a r t h  o r b i t a l  
m i s s i o n s  that  r e q u i r e  no p l ane  change c a p a b i l i t y .  
l a u n c h  v e h i c l e s  are r e q u i r e d  for a l l  o t h e r  mis s ions .  
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F i n a l l y  t h e  f l i g h t  p r o f i l e s  a r e  i n v e s t i g a t e d  i n  
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ments,  that would p rov ide  amsris f o r  meaningful  t r a d e - o f f s  i n  
m i s s i o n  p lanning .  Recommendations a r e  a l so  made f o r  f u t u r e  
e f f o r t s  i n  t h e s e  a r e a s .  
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MEMORANDUM FOR FILE 

1 . 0  I n t r o d u c t i o n  

The purpose of t h i s  memorandum i s  t o  p r e s e n t  data 
and a n a l y s e s  i n  t h e  a r e a s  of  as t rodynamics  and p ropu l s ion ,  
that  govern t h e  f l i g h t  performances of A p o l l o  Extens ion  
Systems mis s ions .  For t h e  sake  of c l a r i t y ,  t h i s  m a t e r i a l  
will be organized a long  t h . ~  IJ ivis i9~3 Qf t h e  variou-s ~ission 
c l a s s e s  which have been proposed and i t  w i l l  be p re sen ted  
wherever p o s s i b l e  i n  t a b u l a t e d  and/or g r a p h i c a l  form.  The 
p r e p a r a t i o n  has  drawn f r e e l y  f r o m  v a r i o u s  sou rces  of i n f o r -  
mat ion,  as l i s t e d  i n  t h e  Reference s e c t i o n  a t  t h e  end of 
t h i s  memorandum. I n  t h i s  sense,  i t  i s  a s e q u e l  to Reference 
1. A s i g n i f i c a n t  p o r t i o n  of t h e s e  r e f e r e n c e s  r e s u l t s  f r o m  
s t u d i e s  conducted a t  MSC, MSFC, and TRW/Space Technology 
L a b o r a t o r i e s .  The STL s tudy e f f o r t  has been made under a 
c o n t r a c t  funded by NASA Headquarters .  To t h e s e  as w e l l  as 
many o t h e r s  who have made v a l u a b l e  c o n t r i b u t i o n s  i n  t h e  form 
of a d v i c e  and d i s c u s s i o n ,  i ndeb tedness  i s  g r a t e f u l l y  
acknowledged. 

1.1 Mission A t t r i b u t e s  

AES mis s ions  can be most  conven ien t ly  grouped i n t o  
f o u r  c l a s s e s  as summarized i n  Table  1, on t h e  fo l lowing  page ,  
Depending on t h e  performance r e q u i r e m e n t s x t h e r  t h e  Sa-IB 
o r  t h e  Sa-V l aunch  v e h i c l e  may be cons ide red .  The f o l l o w i n g  
s e c t i o n  l i s t s  t h e  more important  s p e c i f i c a t i o n s  of t h e s e  
l aunch  v e h i c l e s ,  tha t  have f i r s t  o r d e r  e f f e c t s  on t h e  mis s ion  
performance c a p a b i l i t i e s .  

1 . 2  Launch Veh ic l e s  

The Sa-IB and S-V a r e  r e s p e c t i v e l y  two and t h r e k -  
s t a g e d  l aunch  v e h i c l e s .  I n  t h e  l a t t e r  ca se ,  a two-stage \ 

Est imated  performance c a p a b i l i t i e s  a r e  based upon t h e  
f o l l o w i n g  payloads  guaranteed by MSFC. 

v e r s i o n  may be cons idered  for r e a s o n s  t o  be poin ted  out  l a t e r .  GB $?$* 
I 
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--- TABLE 1 
Miss ion  Class Mission A t t r i b u t e s  

E a r t h  O r b i t a l  

Low A l t i t u d e  
No Plane  Change 

Low A l t i t u d e  
S u b s t a n t i a l  P lane  
Change 

Sy n ch r  on ou e 

Lunar O r b i t  a1 

Low I n c l i n a t i o n  

High I n c l i n a t i o n  

Lunar Exp 1 o r  a t  i on 

Apollo - Like  

Advanced 

Composite and Advanced 

Manned 

Dura t ion  14-45 Days 

200 NM 
I n c l i n a t i o n  a Func t ion  of Launch 
S i t e  and Launch Azimuth 

200 NM 
High I n c l i n a t i o n  

Synchronous A l t i t u d e  w i t h  o r  wi thout  
P lane  Change 

Dura t ion  Up to 38 Days  
( 2 8  Days p l u s  T r a n s i t  T i m e )  

Near E q u a t o r i a l  

Lunar P o l a r  O r b i t  

Dura t ion  Up t o  26 Days 
114 Days p l u s  T r a n s i t  Time) - 

Continuous Abort C a p a b i l i t y  

R e s t r i c t e d  Abort Mode 

Composite E a r t h  g r b i t a l ,  Lunar 
L i b r a t i o n  O r b i t a l ,  e t c .  

Unmanned P l a n e t a r y ,  Low Thrus t ,  e t c .  
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1 . 2 . 1  S a t u r n  I B  Launch Vehicle  

The S a t u r n  I B  launch  v e h i c l e  i s  capab le  of p l a c i n g  
a 36,500 pound payload i n t o  a lo5  n a u t i c a l  m i l e  e a r t h  o r b i t  
w i t h  a 72' l aunch  azimuth.  It c o n s i s t s  of t w o  p r o p u l s i v e  s t a g e s  
(S-IB and S-IVB) and t h e  Instrument  Un i t .  
p r e s e n t l y  des igned  f o r  t he  S a t u r n  I B ,  has a one burn c a p a b i l i t y .  

1 . 2 . 2  S a t u r n  V Launch Vehicle  

The S-IVB s t a g e ,  as 

The S a t u r n  V launch  v e h i c l e  i s  capable  of p l a c i n g  
240,000 pounds i n  ea r th  o r b i t ,  and 95,000 pounds i n t o  a 
t r a n s l u n a r  t r a j e c t o r y .  The s t a n d a r d  S a t u r n  V l aunch  v e h i c l e  
c o n s i s t s  of t h r e e  s t a g e s  (S - IC ,  S - I 1  and S-IVB) and t h e  
Ins t rumen t  U n i t .  The S-IC s t a g e  w i l l  p r o p e l  t he  l aunch  v e h i c l e  
t o  a n  a l t i t u d e  of approximately 33.3 NM and v e l o c i t y  of 
approximate ly  9, QOO f p s .  After s e p a r a t i x  the S - I 1  s tage  xt l l .  
c o n t i n u e  t o  a c c e l e r a t e  t h e  v e h i c l e  to approximate ly  22,200 f'ps 
and l i f t  it t o  a n  a l t i t u d e  of roughly  100 NM. The S-IVB s t a g e ,  
as p r e s e n t l y  des igned  f o r  t h e  Apollo mis s ion ,  w i l l  pe rmi t  one 
re-s tar t  t o  i n j e c t  t h e  payload from a n  e a r t h  pa rk ing  o r b i t  
i n t o  t h e  t r a n s l u n a r  o r b i t .  The s t r u c t u r a l  d e s i g n  of t h i s  t h i r d  
s t a g e  imposes a s t a c k  l i m i t  of approximate ly  110,000 pounds. 

1 . 3  S p a c e c r a f t  P ropu l s ion  

The S e r v i c e  Propuls ion  System (SPS)  has a n  ave rage  

The r o c k e t  

s t a t i c  t h r u s t  r a t i n g  of 21,900 pounds and i s  gimbal led t o  pro-  
v i d e  t h r u s t  v e c t o r  c o n t r o l .  It has  a nominal f u e l  c a p a c i t y  of 
41,000 pounds and weighs 10,000 pounds when d r y .  
eng ine  is n o n - t h r o t t l e a b l e .  The Command and S e r v i c e  Module 
( C S M )  Reac t ion  Con t ro l  System (RCS) c o n s i s t s  of i n d i v i d u a l  
u n i t s  t h a t  a r e  capable  of developing 93 t o  100 pounds of t h r u s t .  
The t o t a l  number of re -s ta r t s  i s  nominal ly  5 ,500  w i t h  a l i f e  
of 500 seconds.  The same may be i n c r e a s e d  t o  10,000 and 770 
seconds r e s p e c t i v e l y .  

c h a r a c t e r i s t i c s  are  summarized as f o l l o w s :  
The  Lunar Excursion Module (LEM) p r o p u l s i o n  

Descent S t a g e  Ascent S t a g e  

Thrus t  10,500 l b s .  3,500 l b s .  
P r o p e l l a n t  Weight 18,000 l b s .  4,922 l b s .  
S p e c i f i c  Impulse 305 s e c s .  305 s e c s .  
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1 . 4  Mission C o n s t r a i n t s  

P resen t  AES ground r u l e s  d o  not  impose s p e c i f i c  
c o n s t r a i n t s  on t r a j e c t o r y  des ign .  AES p r o p u l s i o n  systems,  
however, a r e  c u r r e n t l y  s u b j e c t  to t h e  f o l l o w i n g  ground r u l e ;  
v i z :  

There shall  be no u p r a t i n g  of p r o p u l s i o n  systems 
except  th rough normal improvement i n  t h e  cour se  of t h e  b a s i c  
( A p o l l o )  program. 

Reference 1 con ta ins  e s t i m a t e s  of performance 
c a p a b i l i t i e s  that  r e f l e c t  t h i s  c o n s t r a i n t ,  as we l l  a s  a 
t e n t a t i v e  g u i d e l i n e ,  adopted s o  as to provide  a b e t t e r  
d e f i n i t i o n  of t h e  problem i n  t h e  course  of a n a l y s i s .  T h i s  
g u i d e l i n e  i s  as f o l l o w s :  

The shaping  ana s e l e c t i o n  of t r a j e c t o r i e s  and 
o r b i t s  should be c a r r i e d  out w i t h  as much f l e x i b i l i t y  as i s  
c o n s i s t e n t  w i th  mis s ion  requi rements  and crew s a f e t y .  A p o l l o  
t r a j e c t o r y  ground rules w i l l  be fol lowed where a p p l i c a b l e .  
Depa r tu re s  f rom t h e s e  w i l l  be pe rmi t t ed  i f  t h e y  a r e  necessa ry  
for t h e  e x e c u t i o n  of a p a r t i c u l a r  mi s s ion  and i f  t o t a l  mi s s ion  
a s s u r a n c e  and crew s a f e t y  are not  s e r i o u s l y  impaired.  F u r t h e r -  
more, m o d i f i c a t i o n s  of t h e  ground r u l e s  and supplementary 
g u i d e l i n e s  w i l l  be considered i f  s i g n i f i c a n t  b e n e f i t s  may acc rue  
w i t h  r e s p e c t  to t h e  o v e r a l l  o b j e c t i v e s  of t h e  AES program. Such 
m o d i f i c a t i o n s  and g u i d e l i n e s  may a r i s e  i n  d i f f e r e n t  a r e a s .  The 
f o l l o w i n g  a r e  p o s s i b l e  examples. 

1.4.1 

l u n a r  a r e a  which i s  a c c e s s i b l e  i s  s e v e r e l y  l i m i t e d .  I n  order  
to extend t h i s  a r e a  of a c c e s s i b i l i t y  f o r  l u n a r  e x p l o r a t i o n ,  
t h i s  c o n s t r a i n t  may have t o  be r e l a x e d .  

It has been shown (Reference 2 )  t ha t  if f r e e  r e t u r n  
t r a j e c t o r i e s  a r e  used f o r  l u n a r  l a n d i n g  m i s s i o n s ,  t h e  

1 .4 .2  Apollo ground r u l e s  c a l l  f o r  two passes  over t h e  l a n d i n g  
s i t e  a r e a  with t h e  CSM-LEM b e f o r e  i n i t i a t i n g  t h e  LEM 

d e s c e n t .  S i m i l a r l y ,  t h e  d u r a t i o n  of t h e  t r a n s e a r t h  l u n a r  park-  
i n g  o r b i t  phase i s  a l s o  kept t o  approximately t h e  same l e n g t h .  
It has been shown (Reference 3) t h a t  l eng then ing  of  t h e s e  o r b i t  
s t a y  t imes  w i l l  g r e a t l y  improve t h e m a c c e s s i b i l i t y  of t h e  l u n a r  
s u r f  a c e .  

1.4.3 The Apo l lo  ground rule that  l i m i t s  t h e  t o t a l  mi s s ion  

for extended l u n a r  e x p l o r a t i o n  mis s ions ,  s i n c e  s u r f a c e  s t a y  
times of about  two weeks may be d e s i r e d .  To permi t  t h e s e  longe r  

d u r a t i o n  t o  14 d a y s  or l e s s  bs  obvious ly  no t  a c c e p t a b l e  
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s t a y  t imes ,  t h e  t o t a l  miss ion  d u r a t i o n  t ime must i n c r e a s e .  

1 . 4 . 4  

c a p a b i l i t y  i s  c e r t a i n l y  d e s i r a b l e .  For t h e  A p o l l o  mis s ion ,  t h e  
s h o r t  s u r f a c e  s t a y  t ime r e n d e r s  it p o s s i b l e  t o  s a t i s fy  t h i s  
r equ i r emen t .  
p a r t i c u l a r l y  i f  i t  i s  d e s i r a b l e  to r e a c h  a n  e x t e n s i v e  a r e a  of 
t h e  moon. A similar s i t u a t i o n  a r i s e s  i n  some l u n a r  o r b i t a l  
m i s s i o n s .  

The problem of a b o r t  i s  an  impor tan t  c o n s i d e r a t i o n  i n  any 
manned space  f l i g h t  miss ion ,  and a cont inuous  a b o r t  

Such may not  be t h e  case  for l o n g e r  s u r f a c e  s t a y  t ime ,  

1 .4 .5  Apollo ground r u l e s  impose s e v e r e  r e s t r i c t i o n s  on t h e  
launch  geometry. Such r e s t r i c t i o n s  w i l l  be r e f l e c t e d  

i n  t h e  payloads,  p a r t i c u l a r l y  t h o s e  for t h e  e a r t h  o r b i t a l  
mi s s ions  under  c o n s i d e r a t i o n .  Re laxa t ions  of such ground 
r u l e s ,  i n  keeping wi th  fundamental  range s a f e t y  c o n s t r a i n t s  
may be i n d i c a t e d .  

2 .0  Mission D e s c r i p t i o n  

I n  t h i s  s e c t i o n  w i l l  be p re sen ted  some t y p i c a l  f l i g h t  
modes, p r o f i l e s ,  and e s t ima ted  pay loads .  A s  mentioned i n  S e c t i o n  
1, S a t u r n  I B  and S a t u r n  V launch v e h i c l e s  w i l l  be used without  
u p r a t i n g ,  and t h e  payload e s t i m a t e s  a r e  de r ived  f r o m  the  base 
performance c a p a b i l i t i e s  contained t h e r e i n .  

2 . 1  Earth O r b i t a l  Missions 

Table 2 summarizes t h e  o r b i t a l  c a p a b i l i t i e s  and f l i g h t  
p r o f i l e s  used i n  t h i s  s tudy .  Various combinations of t h e  p r o -  
p u l s i o n  c . a p a b i l i t i e s  a v a i l a b l e  i n  t h e  S a t u r n  IB, t h e  two-stage 
and t h r e e - s t a g e  v e r s i o n s  of t h e  S a t u r n  V, and t h e  Apollo S e r v i c e  
P ropu l s ion  System ( S P S )  a r e  i n d i c a t e d  for a c h i e v i n g  t h e  
s p e c i f i e d  o r b i t s .  For 45-day-near-ear th  o r b i t a l  mi s s ions ,  a 
nominal a l t i t u d e  of 200 NM was s e l e c t e d  i n  view of t h e  s a t e l l i t e  
l i f e t i m e  requirement  (See  S e c t i o n  3.3). 

It i s  to be emphasized that  t h e s e  r e p r e s e n t  only some 
p o s s i b l e  f l i g h t  modes. There a r e  undoubtedly many o t h e r  modes 
that  w i l l  p e r m i t  achievement of s p e c i f i e d  o r b i t s  w i t h  comparable 
p a y l o a d s .  Es t ima tes  of t h e  l a t t e r  have been based on i n f o r -  
mat ion c i t e d  above, and impuls ive  v e l o c i t y  changes have been 
adopted for succeeding phases a f t e r  a "first  o r b i t a l "  i n s e r t i o n  
( S e e  s e c t i o n  3.1).  
maximize payload,  no o v e r a l l  o p t i m i z a t i o n  has  been c a r r i e d  ou t .  
(See  s e c t i o n  4 ) .  

While a conscious e f f o r t  has been made t o  
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2 .2  Lunar O r b i t a l  Mission 

Two t y p e s  of l u n a r  o r b i t a l  mi s s ions  a r e  cons ide red .  
They w i l l  be c h a r a c t e r i z e d  by t h e i r  o r b i t a l  i n c l i n a t i o n  with r e s p e c t  
to the  l u n a r  e q u a t o r i a l  p lane .  
f o l l o w s .  

A d e s c r i p t i o n  of t h e s e  mis s ions  

2 . 2 . 1  Low I n c l i n a t i o n  Lunar O r b i t a l  Missions 

This  c l a s s  of miss ion  i s  perhaps more u s e f u l  f o r  
s i t e  c e r t i f i c a t i o n  purpose.  I n  o rde r  t o  o b t a i n  s u f f i c i e n t  
data r e g a r d i n g  cand ida te  A p o l l o  l and ing  s i t e s  and n a v i g a t i o n a l  
land  mark l o c a t i o n s ,  a low i n c l i n a t i o n  l u n a r  o r b i t  has been 
shown to be adequa te  (Reference  4 ) .  
would resemble t h a t  of t h e  Apollo mis s ion  w i t h  t he  e x c e p t i o n  
t ha t  t h e r e  w i l l  be no l u n a r  l a n d i n g  and t a k e - o f f  phases .  
sequence of major e v e n t s  is as ~ ' o l l o w s :  

A t y p i c a l  f l i g h t  mode 

The 

E a r t h  Launch: Same as Apollo 

E a r t h  Park ing  O r b i t :  

I n s e r t  i o n  
Coast 

Near c i r c u l a r  
95-100 NM A l t i t u d e  

Same as Apollo 
Same as Apollo 

Trans luna r  Phase: 

I n  j e e t  i o n  F i r s t  o r  Second Orb i t  
T r a n s p o s i t i o n  & Docking Same as Apollo 
Return  Mode U n r e s t r i c t e d  
F l i g h t  Time Up t o  110 h r s .  
P e r i c y n t h i o n  25 NM 

Lunar Park ing  O r b i t  : 

Deboost d u r i n g  hype rbo l i c  approach 
Parking O r b i t  i n s e r t i o n  
Perform O r b i t a l  miss ion  & c o r r e c t i v e  p l ane  changes as needed 

T r a n s e a r t h  Phase 

I n  j e e t  i o n  
F l i g h t  Time 

Same as Apollo 
Up to 110 h r s .  

Re-Entry Same as Apollo 
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A r e a s o n a b l e  estimate of t h e  l u n a r  o r b i t i n g  payload may b e  ob ta ined  
upon augmenting t h e  Apollo CSM by t h e  LEM weight ,  or approximate ly  
30,000 pounds, r e s u l t i n g  i n  a t o t a l  i n i t i a l  weight i n  o r b i t  of 
about  55,000 pounds. 

2 .2 .2  High I n c l i n a t i o n  Lunar O r b i t a l  Miss ion  

T h i s  c l a s s  of miss ion  i s  perhaps  most u s e f u l  for 
s c i e n t i f i c  survey purposes .  I n  o r d e r  to r e a l i z e  maximum cover -  
a g e  of t h e  l u n a r  s u r f a c e ,  a p o l a r  o r b i t  i s  d e s i r a b l e .  It i s  
p o s s i b l e  for t he  l u n a r  approach t r a j e c t o r y  to e n t e r  i n t o  a 
p o l a r  o r b i t a l  p l a n e  by s e l e c t i n g  t h e  s u i t a b l e  e n t r y  p o i n t  a t  
the moon's sphe re  of i n f l u e n c e .  A p o l a r  i n c l i n a t i o n ,  p l u s  t h e  
o r b i t a l  s t a y  t ime,  w i l l ,  however, r o t a t e  t h e  o r b i t a l  p l a n e  such  
tha t  a n  e a r t h  r e t u r n  may not be a l w a y s  p o s s i b l e  w i t h i n  t h e  
Apollo s p a c e c r a f t  c a p a b i l i t y .  

The f l i g h t  p r o f i l e  can be similar to that for the  low 
i n c l i n a t i o n  o r b i t .  
as a l u n a r  month or 28 days i n  o r d e r  to observe t h e  moon th rough  
a cyc le .  O r b i t i n g  payload w i l l  be  s e n s i t i v e  to m i s s i o n  r e q u i r e -  
ments,  p a r t i c u l a r l y  a b o r t  c o n s i d e r a t i o n s  (See  S e c t i o n  3 .6) .  For 
p r e l i m i n a r y  mis s ion  p lanning  purposes ,  i t  i s  assumed that 
exc lud ing  p r o v i s i o n s  for cont inuous a b o r t  c a p a b i l i t y ,  t h e  
v e l o c i t y  r equ i r emen t s  a r e  approximate ly  similar for bo th  l u n a r  
o r b i t a l  mi s s ions .  Consequently,  similar e s t i m a t e s  for t h e  o r b i t -  
i n g  payload may be used. 

The l u n a r  o r b i t  d u r a t i o n  could be as long  

2 .3  Lunar E x p l o r a t i o n  Missions 

An e x t e n s i v e  e x p l o r a t i o n  of t h e  moon may be accom- 
p l i s h e d  by s a t i s f y i n g  two c r i t e r i a :  (1) permi t  l a n d i n g s  a t  
a maximum number of p o s s i b l e  s i t e s  on the moon, and ( 2 )  p e r -  
m i t  l o n g e r  s u r f a c e  s tay  t imes.  Such extended s u r f a c e  m i s s i o n s  
may c o n s i s t  of a l u n a r  f l i g h t  to d e l i v e r  a n  unmanned S h e l t e r  
to t he  l u n a r  s u r f a c e ,  t o  be fo l lowed by a n o t h e r  f l i g h t  to 
e x e c u t e  a manned l u n a r  l a n d i n g  and subsequent  s u r f a c e  opera-  
t i o n s .  Depending on t h e  cont ingency r equ i r emen t s ,  t h i s  c l a s s  of 
m i s s i o n s  may r e s u l t  i n  d i f f e r e n t  performance c a p a b i l i t i e s .  These 
are  summarized as f o l l o w s .  

2 .3 .1  Apollo-Like Missions 

The e a r l i e r  miss ions  should perhaps  be designed w i t h  
a high degree  of cont ingency p r o v i s i o n s ,  and i t  might be d e s i r -  
a b l e  to r e t a i n  t h e  Apollo ground r u l e  of cont inuous  a b o r t  
c a p a b i l i t y .  I n  t h i s  case ,  t h e  f l i g h t  p r o f i l e  may be i d e n t i c a l  
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to that for the Apollo, resulting in similar weight estimates. 
An exception would be that in the case of the LEM/Shelter 
mission, there will be no lunar launch and ascent transfer phase, 
and that the LEM-Shelter landing will be entirely unmanned. The 
bases f o r  weight estimates are: 

LEM/She 1 t er Mi s s i on LEM/Taxi Mission 

CSM Same as Apollo Sane as A-pollo 

LEM A. S. Available for pay- Sane 8 s  Apolio 
load t o  be 
delivered 

LEM D. S. Same as Apollo Same as Apollo 

The accessible area will be restricted to below 10 de 
latitude for stay time up to 14 days (See Section 3.5 
because of the desire f o r  continuous abort. 

2.3 .2  Advanced Lunar Exploration Missions 

Accumulated experience derived from earlier flights 
might perhaps enable later lunar exploration missions to be 
planned with relaxed ground rules concerning abort f rom the 
moon. For planning purposes, bases for weight estimates 
should remain unchanged for reasons to be discussed later. 
Areas of accessibility, on the other hand, will undergo sig- 
nificant improvment (See Section 3.6). The flight profile will 
be substantially the same as that of the Apollo mission, except 
perhaps for possible relaxations in the flight time, and the 
specifications for the lunar parking orbit phase (See Section 3). 

3.0 Performance Analysis 

The objective of this section is to investigate the 
several AES mission flight profiles, in light of their conconi- 
tant environments and operating requirements, that would provide 
a basis for meaningful trade-offs in mission planning. Ten 
major areas have been identified as of primary importance in 
their interaction with the flight profiles as well as their 
effect of the AES mission objectives. These areas are: 

c 

I 
k 

. m  
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Range S a f e t y  Cons idera t ions  

Bo i l -o f f  Problems 

S a t e l l i t e  L i f e t imes  

Synchronous M i  s s ion  C a p a b i l i t y  

Lunar Sur face  A c c e s s i b i l i t y  

Abort Con'siderat  ions  

L i g h t i n g  C o n s t r a i n t s  

Survey and Mapping Coverage 

Long Duration Perturbations 

Composite Miss i o n s  

These w i l l  now be d iscussed  i n d i v i d u a l l y .  

3.1 Range S a f e t y  Cons idera t ions  

For a g iven  o r b i t ,  t h e  launch  v e h i c l e  performance 
c a p a b i l i t y  i s  extremely s e n s i t i v e  to t h e  launch  geometry. 
T h i s  i s  p a r t i c u l a r l y  t r u e  i n  t h e  case  of a c h i e v i n g  a g i v e n  
e a r t h  o r b i t ,  s i n c e  range s a f e t y  and r e l a t e d  c o n s i d e r a t i o n s  
may impose s e v e r e  c o n s t r a i n t s  on a l l o w a b l e  launch  geometry. 
For a d e t a i l e d  d i s c u s s i o n  o f  r a n g e - s a f e t y  and r e l a t e d  con- 
s i d e r a t i o n s  and t h e i r  i n t e r a c t i o n s  w i t h  t h e  launch  geomet r i e s ,  
r e f e r e n c e  i s  made t o  Appendix I. 

I n  g e n e r a l ,  l a r g e  c h a r a c t e r i s t i c  v e l o c i t i e s  a r e  
r e q u i r e d  t o  execu te  s u b s t a n t i a l  p l ane  changes,  i f  r e q u i r e d ,  
a t  o r b i t a l  speeds .  This  w i l l  d r a s t i c a l l y  reduce  pay load  
c a p a b i l i t i e s .  However, fundamental  range  s a f e t y  c o n s t r a i n t s  
may permi t  r e l a x a t i o n  of A p o l l o  ground r u l e s  such tha t  s u i t a b l e  
yaw and t h r e e  dimensional  maneuvering programs may be 
des igned  to accomplish plane changes more economically at 
lower v e h i c l e  v e l o c i t i e s .  

3.2 S a t e l l i t e  L i f e t imes  

The p r e d i c t e d  s a t e l l i t e  l i f e t i m e  i s  a f u n c t i o n  of t h e  
o r b i t a l  a l t i t u d e ,  t h e  s a t e l l i t e  b a l l i s t i c  number and t h e  atmo- 
s p h e r i c  model used.  Since t h e  AES miss ions  a r e  timed f o r  a 
p e r i o d  t h a t  may inc lude  a year  of maximum solar  a c t i v i t y ,  
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e s t i m a t e s  based on p r e d i c t e d  a tmospher ic  model for ext remely  h igh  
solar  a c t i v i t y  a t  d i u r n a l  maximum should be used as g u i d l i n e s .  
The o r b i t a l  l i f e t i m e s  of A p o l l o  s p a c e c r a f t s  have been computed 
based on such a conse rva t ive  atmosphere model, and i t  i s  i n -  
d i c a t e d  t h a t  for miss ion  d u r a t i o n  of about  45 d a y s ,  a nominal 
a l t i t u d e  of 200 NM should be adequate  (Reference  5 ) .  The 
i n t e g r a t e d  l i f e t i m e  curve i s  inc luded  i n  F igu re  1. 

3.3 Synchronous Miss ion  Capab i l i t y  

The performance c a p a b i l i t y  of  t h e  Sa-V l aunch  v e h i c l e  
for t h e  e a r t h  synchronous o r b i t a l  mi s s ion  depends to a l a r g e  
e x t e n t  upon t h e  r e s t a r t  c a p a b i l i t y  of t h e  S-IVB s t a g e .  I n  
o r d e r  to r e s t a r t  t h i s  s t a g e ,  t h e  p r e s s u r i z a t i o n  system must 
have t h e  c a p a b i l i t y  to r e p r e s s u r i z e  t h e  p a r t i a l l y  d e p l e t e d  
t a n k s  of p r o p e l l a n t s .  This  problem i s  f u r t h e r  aggrava ted  by 
t h e  b o i l - o f f  of' cryogenic  p r o p e l l a n t s  d u r i n g  t h e  f a i r l y  
extended pe r iod  of t r a n s f e r  to synchronous a l t i t u d e .  With 
hel ium h e a t e r s  p laced  on the  S-IVB s t a g e ,  as a r e  now on t h e  
S-IV s t a g e ,  t h e  problems a s s o c i a t e d  wi th  t h e  m u l t i p l e  s t a r t  
of t h e  S-IVB s t a g e  could be e l i m i n a t e d .  

3.4 B o i l - O f f  Problems* 

On S a t u r n  V missions where t h e r e  i s  a r e l a t i v e l y  long  
c o a s t  pe r iod  for t h e  S-IVB between burns ,  t h e  b o i l - o f f  of l i q u i d  
hydrogen becomes a p p r e c i a b l e  and r e s u l t s  i n  a s i g n i f i c a n t  
r e d u c t i o n  of its c a p a b i l i t y .  For synchronous o r b i t a l  f l i g h t s  
t h e  b o i l - o f f  i s  g r e a t e r  because of t h e  l o n g e r  c o a s t  between 
burns  on t h e  Hohmann t r a n s f e r  e l l i p s e ,  and t h e  s l i g h t l y  g r e a t e r  
b o i l - o f f  ra te  due to longer  cont inuous  p e r i o d s  of s u n l i g h t .  

There a r e  two methods which have been sugges ted  for 
r educ ing  the  b o i l - o f f .  By choosing launch  d a t e s  c l o s e  to t h e  
e a r t h ' s  equinoxes,  one can choose a Eohmann t r a n s f e r  e l l i p s e  
such  that t h e  a p o g e e  l i e s  a t  t h e  far edge of the  shadow of 
t h e  e a r t h .  Thus a m a j o r  p o r t i o n  of t h e  t ime d u r i n g  t h e  
t r a n s f e r  would be spen t  i n  t h i s  shadow. Th i s ,  i n  a d d i t i o n  to 
r educ ing  t h e  t ime spen t  i n  pa rk ing  o r b i t  b e f o r e  t r a n s f e r ,  can 
s i g n i f i c a n t l y  reduce  t h e  hea t  t r a n s f e r  to t h e  p r o p e l l a n t .  
However, t h i s  method would l i m i t  t h e  l aunch  t iming  to a f u n c t i o n  
of t h e  d e s i r e d  synchronous ground t r a c k  p o i n t .  

*This s e c t i o n  has  been c o n t r i b u t e d  by M r .  P. W. Conrad. 



A second method t o  r educe  b o i l - o f f  i n v o l v e s  a m o d i f i -  
c a t i o n  of t h e  S-IVB s t a g e .  
s u l a t i o n s  t h e  h e a t  t r a n s f e r  to t h e  p r o p e l l a n t  may be reduced to 
one-e ighth  that  of t h e  unmodified s t a g e .  The b o i l - o f f  r e d u c t i o n  
i s  estimated below f o r  a nominal Apollo mis s ion :  

By the  u s e  of h i g h  performance i n -  

MODE STANDARD SUPER INSULATED 
Sa-IVB Sa-IVB 

Ground Hold Boil-Off 220 l b s .  26.4 l b s .  

Boost Boi l -Off  

I n  O r b i t  Boil-Off 

570 I b s .  

3820 l b s .  

70.5 l b s .  

501.7 l b s .  

T h i s  t y p e  of ? ? s z L 2 t % x  can take x l y  sxal.2. a.zz-cl- 
dynamic and s t r u c t u r a l  l oads  and t h u s  r e q u i r e s  a j e t t i s o n a b l e  
shroud d u r i n g  boos t .  T h i s  i n c r e a s e  i n  s t a g e  weight i s  o f f s e t  
somewhat by t h e  p o s s i b l e  r e d u c t i o n  of i n t e r n a l  i n s u l a t i o n  caused 
by t h i s  m o d i f i c a t i o n .  The g a i n  r e s u l t i n g  from t h i s  m o d i f i c a t i o n  
i s  roughly  one pound of payload i n  e i t h e r  syncronous o r b i t  or 
t r a n s l u n a r  t r a j e c t o r y  for every pound of b o i l - o f f  r e d u c t i o n .  For 
t h e  synchronous mis s ions  of i n t e r e s t ,  a d d i t i o n  of i n s u l a t i o n  
could a p p a r e n t l y  r e s u l t  i n  a payload i n c r e a s e  of about  4,000 
l b s .  

With t h i s  p r o v i s i o n ,  t h e  f o l l o w i n g  i s  f e a s i b l e .  After 
a due east launch ,  the  f i r s t  two s t a g e s  fo l lowed by t h e  f i r s t  
bu rn  of t h e  S-IVB s t a g e  p l ace  t h e  s a t e l l i t e  i n  a 100 NM park ing  
o r b i t .  After about  1-1/4 o r b i t s  d u r i n g  which t h e  s y s t e m s  a r e  
checked o u t ,  t he  S-IVB s t a g e  i s  r e s t a r t e d  a t  t h e  descending  node 
to execu te  a Hohmann t r a n s f e r  t o  synchronous a l t i t u d e  w i t h  a 
p a r t i a l  p l a n e  change. Ar r iv ing  a t  t h e  apogee which i s  t h e  
synchronous a l t i t u d e ,  t h e  S-IVB s t a g e  i s  started once more to 
p l a c e  t h e  s a t e l l i t e  i n  a new e l l i p t i c  o r b i t  w i t h  a h i g h e r  
apogee v e l o c i t y .  A f t e r  one o r b i t ,  d u r i n g  which t h e  expended 
S-IVB stage i s  j e t t i s o n e d ,  and the  t r a n s p o s i t i o n  and docking 
of CSM and LAB module accomplished, the  S e r v i c e  P ropu l s ion  
System eng ine  i s  i g n i t e d  t o  complete t h e  p l a n e  change and 
c i r c u l a r i z a t i o n  maneuver. 

3.5 Lunar Sur face  A c c e s s i b i l i t y  

Lunar s u r f a c e  a c c e s s i b i l i t y  for an AES l u n a r  l a n d i n g  
m i s s i o n  i s  a problem which i s  now under  s tudy .  It i s  a f f e c t e d  
by such  c o n s t r a i n t s  as t h e  earth-moon t r a j e c t o r y  r e t u r n  mode 

a . m  
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and t h e  LEM-CSM rendezvous c a p a b i l i t y ,  as w e l l  as the  s u r f a c e  
s t a y  t ime and a b o r t  cont ingency r equ i r emen t s .  I n  g e n e r a l ,  t h e  
o r i e n t a t i o n  of t h e  arrival and d e p a r t u r e  v e l o c i t i e s  a t  t h e  
moon are r e l a t e d  g e o m e t r i c a l l y  through t h e  l u n a r  s u r f a c e  s t a y  
t ime by v i r t u e  of t h e  moon's r o t a t i o n .  Furthermore,  t h e s e  
o r i e n t a t i o n s  remain s u b s t a n t i a l l y  c o n s t a n t  for a g i v e n  s e t  of 
l aunch  and t e r m i n a l  c o n d i t i o n s  and f l i g h t  t i m e .  The choice  of 
CSM l u n a r  pa rk ing  o r b i t ,  to permi t  t h e  s u c c e s s f u l  e x e c u t i o n  
of a LOR t y p e  miss ion ,  i s  f u r t h e r  c o n s t r a i n e d  by t h e  l i m i t e d  
p l a n e  change c a p a b i l i t y  du r ing  descen t  to and a s c e n t  from the  
l u n a r  s u r f a c e .  References  3 and 7 i n v e s t i g a t e  t h e  e f f e c t  of 
such  parameters  on l u n a r  s u r f a c e  a c c e s s i b i l i t y .  It appea r s  
that  r e l a x a t i o n  of Apollo ground r u l e  r e q u i r i n g  cont inuous  
a b o r t  i s  a lmost  mandatory i f  any s u b s t a n t i a l  e x t e n s i o n  of 
s u r f a c e  a c c e s s i b i l i t y  i s  to be achieved  w i t h  Apollo systems.  

3.6 Abort Mode Cons ide ra t ions  

For  low i n c l i n a t i o n  l u n a r  o r b i t a l  mi s s ion ,  i t  might 
be p o s s i b l e  to execu te  an in-p lane  r e t u r n  i n j e c t i o n  d u r i n g  each  
r e v o l u t i o n  of the  p a r k i n g  o r b i t .  This  i s  due to the  f a c t  t h a t  
t he  o r b i t a l  i n c l i n a t i o n  i s  low and o r b i t a l  s t a y  t ime may not  
be excess ive .  

For h i g h  i n c l i n a t i o n  l u n a r  o r b i t a l  mi s s ions ,  however, 
t h i s  i s  no l o n g e r  t h e  c a s e  wi th  t h e  proposed f l i g h t  mode. The 
a b o r t  c a p a b i l i t y  of t h e  s p a c e c r a f t  depends to a l a r g e  e x t e n t  
upon t h e  t r a n s e a r t h  r e t u r n  t i m e  as w e l l  as  t h e  a v a i l a b i l i t y  of  
a l t e r n a t e  p r o p u l s i o n  modes (Reference  8 ) .  
th rough  t h e  u s e  of t h e  LEM descen t  s t a g e  for l u n a r  o r b i t  i n s e r t i o n ,  
a l u n a r  p o l a r  o r b i t a l  payload c a p a b i l i t y  of about  35,350 l b s  can 
be achieved  while s t i l l  s a t i s f y i n g  t h e  cont inuous  a b o r t  r e q u i r e -  
ment. 

It has  been shown tha t  

For l u n a r  s u r f a c e  mis s ions ,  r e l a x a t i o n  of a b o r t  r u l e s  
i s  l e s s  l i k e l y  t o  a f f e c t  t h e  payload d e l i v e r a b l e  to t h e  s u r f a c e .  
T h i s  i s  e s s e n t i a l l y  due t o  the f a c t  that w i t h  t h e  LEM descen t  
s t a g e  unmodified,  weight landed on l u n a r  s u r f a c e  w i l l  be c o n s i s t -  
e n t  w i th  Apollo c a p a b i l i t y .  I n  the case  of t he  LEM-taxi miss ion ,  
however, t r a d e - o f f  p o s s i b i l i t i e s  may ex i s t  between CSM and LEM 
a s c e n t  s t a g e  c a p a b i l i t i e s ,  to permi t  some g a i n s ,  if cont ingency 
r equ i r emen t s  were reduced.  

3.7 L i g h t i n g  C o n s t r a i n t s  

L i g h t i n g  c o n s t r a i n t s  for l u n a r  o r b i t a l  mi s s ions  are  s t i l l  
i n  t h e  p rocess  of be ing  d e f i n e d .  The a b i l i t y  of a l u n a r  o r b i t a l  
m i s s i o n  to f u l f i l l  the  o b j e c t i v e  of a mapping or su rvey  mis s ion  i s  
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maximized by s u i t a b l e  sun  a n g l e s .  A t  any g i v e n  i n s t a n t ,  t h e r e  
i s  a n  a n n u l a r  r i n g  about  t h e  s u b - s o l a r  p o i n t ,  of good l i g h t i n g  
c o n d i t i o n s .  The w i d t h  of t h i s  a n n u l a r  r i n g  i s  a f u n c t i o n  of 
t h e  photographic  requi rements  which i n  t u r n  depend on t h e  t a s k s  
of t h e  p a r t i c u l a r  mi s s ion  i n  q u e s t i o n .  The d e t a i l e d  d e s i g n  of 
t h e  m i s s i o n  i s  i n f l u e n c e d  by t h e  wid th  of t h e  a c c e p t a b l e  l i g h t -  
i n g  band and i t s  i n t e r a c t i o n  wi th  the  motion of t h i s  band due 
to t h e  e a r t h ' s  motion and to g r a v i t a t i o n a l  p r e c e s s i o n a l  terms. 
The concept of u s i n g  nodal r e g r e s s i o n  to compensate f o r  t he  
d isp lacement  of t h e  sub - so la r  p o i n t  i s  be ing  exp lo red .  

3.8 Survey and Mapping Coverage 

T h i s  a s p e c t  of l u n a r  o r b i t a l  mi s s ion  i s  obvious ly  
c l o s e l y  r e l a t e d  to t he  l i g h t i n g  c o n s t r a i n t s .  The l a t k e r  w i l l  
have to be de f ined  b e f o r e  any assessment  of v a r i o u s  o r b i t a l  
methods a v a i l a b l e  for adequate  coverage of r e g i o n s  of i n t e r e s t  
can be made. Also, r eg ions  of i n t e r e s t  may r e q u i r e  f u r t h e r  
d e f i n i t i o n .  Near p o l a r  r e g i o n s  are  poor ly  i l l u m i n a t e d  a t  a l l  
t imes,  t h u s  l i m i t i n g  coverages.  

3.9 Long Dura t ion  P e r t u r b a t i o n s  

AES miss ions  a r e ,  i n  g e n e r a l ,  c h a r a c t e r i z e d  by t h e i r  
r e l a t i v e l y  long  mis s ion  d u r a t i o n s .  P e r t u r b a t i o n s  of o r b i t a l  
e lements  may be impor tan t  and t h e i r  e f f e c t s  on o v e r a l l  mi s s ion  
performance may have to be i n v e s t i g a t e d .  

3.10 Composite Missions 

C e r t a i n  composite mis s ions  may be of i n t e r e s t .  
P o s s i b l e  examples a re :  

a. The o r b i t i n g  CSM of a LEM/Shelter or LEM/taxi 
mi s s ion  may perform some l u n a r  o r b i t a l  survey 
o b j e c t i v e s .  

b. A low a l t i t u d e  h i g h  i n c l i n a t i o n  e a r t h  o r b i t a l  
mi s s ion  may be used to i n c o r p o r a t e  one of t he  
proposed AES exper iments  v i z , :  a n  Echo f l y -  
by maneuver. 

c .  An ear th  synchronous o r b i t a l  mi s s ion  may be used 
f o r  anothep  AES experiment ,  v i z ,  : t h e  c a p t u r e  
of Syncom. 

I 
a 
m 
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d .  Other c l a s s e s  of miss ions  may be of i n t e r e s t  and 
should be i n v e s t i g a t e d .  Some examples a r e :  
l i b r a t i o n  o r b i t a l  mi s s ions  where t h e  s p a c e c r a f t  
may appear  to be s t a t i o n a r y  wi th  r e s p e c t  to t h e  
earth-moon system; earth-moon p e r i o d i c  o r b i t ,  
where t h e  s p a c e c r a f t  may c i rcumnaviga te  t h e  
moon and t h e  e a r t h  o r  may e n t e r  i n t o  an  o r b i t  i n  
c i s l u n a r  space;  e t c .  

4 . 0  Conclusions 

I n c r e a s e s  i n  performance c a p a b i l i t y  beyond t h e  
Apollo mis s ion  wi thout  u p r a t i n g  Apollo p r o p u l s i o n  systems are  
u s u a l l y  made a t  t h e  expense of r e l i a b i l i t y  o r  upon the  expec t -  
a t i o n  t h a t  expe r i ence  gained i n  Apollo w i l l  r educe  o r  e l i m i n a t e  
cont ingency r equ i r emen t s .  P re sen t  AES ground r u l e s ,  however, 
do  not  cover  t r a j e c t o r y  des ign .  The f o l l o w i n g  i-emm-ks a r e ,  
t h e r e f o r e  t e n t a t i v e l y  made i n  t h i s  l i g h t .  

4 . 1  E a r t h  O r b i t a l  Missions 

Only synchronous mis s ions  and S-IB mis s ions  are  payload 
l i m i t e d .  For t h e s e  miss ions ,  payload o p t i m i z a t i o n  may be a 
u s e f u l  c r i t e r i o n .  It i s  conce ivable ,  however, t ha t  o t h e r  c r i t e r i a  
such  as launch  windows, miss ion  f l e x i b i l i t y ,  e t c . ,  may t a k e  
precedence ,  where t h e  miss ion  i s  no t  payload l i m i t e d .  Under 
t h e s e  c i rcumstances ,  o t h e r  f l i g h t  modes t h a n  t h o s e  proposed 
should be i n v e s t i g a t e d .  I n  g e n e r a l ,  i t  appears  t h a t  t h e  
performance c a p a b i l i t y  01' AES e a r t h  o r b i t a l  mi s s ions  i s  r eason-  
a b l y  adequate ,  except  perhaps f o r  synchronous mis s ions .  

4 .2  Lunar O r b i t a l  Missions 

L i g h t i n g  c o n s t r a i n t s  and photographic  r equ i r emen t s  
seem to c o n s t i t u t e  t h e  governing f a c t o r s  i n  t h e  d e s i g n  and 
shaping  of t r a j e c t o r i e s .  A l t e r n a t e  p r o p u l s i o n  modes may 
a f f e c t  s i g n i f i c a n t l y  t h e  a b o r t  c a p a b i l i t y  and u s e f u l  payload ,  

4 . 3  Lunar E x p l o r a t i o n  Missions 

R e l a x a t i o n  of Apollo c o n s t r a i n t s  and ground r u l e s  a r e  
n e c e s s a r y  to conduct ,  i n  a t r a j e c t o r y  sense ,  a n  extended s t a y  
l u n a r  e x p l o r a t i o n  mis s ion  with i n c r e a s e d  s u r f a c e  a c c e s s i b i l i t y .  
D e l i v e r a b l e  payload,  however, i s  l a r g e l y  governed b y  LEM 
d e s c e n t  s t a g e  c a p a b i l i t y .  
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4.4  Recommendations 

A review of  AES s t u d i e s  i n  t h e  a r e a  of f l i g h t  mechanics 
and performance c a p a b i l i t i e s ,  i n d i c a t e  t h e  fo l lowing  needs : 

a .  

b.  

C .  

d .  

e .  

1 01 3 -RY P - b hh 

AES Tra jec to ry  Ground Rules 

F u r t h e r  s t u d i e s  of  p ropu l s ion  problems a f f e c t i n g  
synchronous mission,  e . g .  , S-IVB r e s t a r t  capa- 
b i l i t y ,  b o i l - o f f  problems, payload op t imiza t ion ,  
e t c .  

Reference t r a j e c t o r i e s  for l u n a r  o r b i t a l  and 
s u r f a c e  missions.  

AV Budgets 

Trade-off ana lyses  to e v a l u a t e  a l t e r n a t e  t r a -  
j e c t o r i e s .  

Attachment: 
Appendix I 

copy t o  
Messrs. G .  M. Anderson 

J. A. Hornbeck 
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APPENDIX I 

RANGE SAFETY AND RELATED CONSIDERATIONS 

1. Introduction 

This section briefly summarizes launch site and range 
safety limitations as they affect the performance of earth 
orbital missions discussed under Section IV Df this report. 

2. Launch Geometry 

In this attachment the launch geometry of a mission 
is distinguished from the flight profile at launch in that the 
latter is used to refer 5s a csmplete descriptlsn sf' the pswered 
flight between initial lift-off and insertion into the "first 
orbit". Launch geometry, 3n the other hand, contains only 
information, mostly geometric, that has first order effects an 
range safety and related considerations as well as performance 
capabilities. For planning purposes, the impartant factors 
that enter into the launch geometry are: 

Launch azimuth 
Dog-leg maneuvers 
Yaw and general three dimensional maneuvers 
Stages involved 

The term "first orbit" used above signifies that it need not be 
the final orbit called f o r  by the mission under consideration. 

3. Range Safety and Related Requirements 

There are two basically different aspects to the range 
safety and related problems. Firstly, the deterministic aspect 
is that which results from the launch geometry. Impact range, 
exit azimuth and graund track fall under this category. 
Secondly, the probabilistic aspect encompasses range safety 
problems owing to the uncertainties in guidance, rocket perfor- 
mance, etc. The dispersion ellipses associated with impact 
points are examples of this category. 

Generally, the range safety and related requirements 
considered here may be described as the safety to persons and 
property. A derived form of this descripti3n may be expressed in 
terms of: 
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(a) 

(b) 

Restrictions imposed on the ground track resulting 
fram the launch geometry, and 

Restrictions imposed an the planned stage impact 
points. 

An example of such fundamental range safety constraints would 
be that there shall be no averflight within 25 NM a f  the 
continental United States or Canada and that all planned stage 
impact points shall be in the apen ocean area. Table I11 
illustrates the payload sensitivity ta launch geometry in the 
case af earth polar Drbital mission. 

4. Orbital Inclination and Launch Geometry 

site latitude, there is a particular azimuth that permits direct 
injection into the desired plane. However, the resultant ground 
track and planned stage impact points may not be acceptable. 
The launch geometries proposed in this study result from the 
following guidelines. 

For a given orbital inclination greater than the launch 

(a) The launch Azimuth is optimized with respect ta 
the inclination to within the bounds set by the 
exit azimuth limits. 

(b) If the orbital inclination cannot be attained by 
the above aptimization, the required plane change 
is accomplished by means Df yaw and general three- 
dimensianal maneuvers, programmed ta satisfy the 
fundamental range safety constraints. 

It is to be noted that the required inclination is 
that af the "first Drbit". In the case of the earth equatorial 
synchronous orbital missions, the chosen mode calls f o r  a 28.5° 
inclined parking orbit to be followed by a Hohmann transfer ta 
synchronaus orbital altitude, with a plane change of 28.5" ta 
be executed at the apogee. Accordingly, the first guideline 
mentioned above is sufficient, viz., a due east launch. 

5. Conclusion 

For a given earth Drbital mission the perfarmance 
capabilities are extremely sensitive to the launch geometry. 
This is due to the fact that large characteristic velocities 
are required ta execute substantial plane changes, if required, 
at arbital speeds. 
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By means of  a s u i t a b l e  yaw a n d ' t h r e e  d i m e n s h n a l  

maneuvering program, i t  i s  p o s s i b l e  to a c c m p l i s h  p l a n e  changes 
more economica l ly  a t  lower v e h i c l e  v e l o c i t i e s ,  while s a t i s f y i n g  
the fundamental  r ange  s a f e t y  c o n s t r a i n t s .  On t h e  3 t h e r  hand, 
r a n g e  safety and re la ted  c o n s i d e r a t i o n s  imposed c o n s t r a i n t s  
on the  Dp t imiza t ion  and l aunch  az imuth  and subsequent  ground 
t r a c k  and p lanned  stage impact p o i n t s .  
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I n t e r f a c e  Coordina te  
Systems Meeting (Memo f o r  
f i l e )  

J .  S .  Dudek, J .  0 .  C a p p e l l a r i ,  
R .  L .  Wagner 
( U n c l a s s i f i e d )  
February 1, 1965 S-9 B 

S a t u r n  I B  Tes t  Mission f o r  LEM 
Alone on SA-206 / V i  
(Memo f o r  F i l e )  

D .  R .  V a l l e y  
(CONFIDENTIAL) 
February  1, 1 9 6 5  S-17 B 

S a t u r n  IB/Apollo Payload Capa- 
b i l i t v  / U /  (Memo f o r  F i l e )  . .  

H .  S .  London 

February  2 ,  1965 G - 3  B 
(CONFIDENTIAL) 

A - 

R . - - O .  Wise 
B e l l  Telephone L a b o r a t o r i e s  
(Unc ias  s i f i e d  1 
February 3 ,  1965 S-19 B 

I n c .  

S t a t i s t i c a l  V a r i a t i o n  i n  Per- 
- formance of  Rocket Engines  
and a P o s s i b l e  Method o f  
I n c r e a s i n g  Performance o f  
t h e  S a t u r n  V Veh ic l e  / U /  
s.. To- -_.I. ., 
( 'I' 14- 0 3 - L u I 1 - I ) 

M .  W .  Ca rdu l lo ,  J .  L .  Cur ren t  
(CONFIDENTIAL) 
February 3 ,  1965 G-3 B 

( C O N F I D E N ~ I A L )  
J a n u a r y  2 9 ,  1 9 6 5  S-18 B 
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Uni f ied  S-Band Communications 
Margins C a l c u l a t i o n s  f o r  One-way 
Links (TM-65-2021-1) 

J. D .  H i l l ,  J .  T .  Ra le igh ,  
R .  L .  Se lden  
(Unc lass i f i e d )  
February  4 ,  1 9 6 5  S-15 B 

Use o f  P u r e  Oxygen i n  Spacec ra f t  
(Memo f o r  F i l e )  

P .  R .  Knaff 
(Unc 1 a s s i  f i e d )  
February 8 ,  1 9 6 5  G - 2  B 

Lunar O r b i t  Rendezvous Reference 
T r a j e c t o r y  Data Package Sensi-  
- t i v i t y  Mat r i ces  - f o r  Apollo 
1 Lr.r.ur? I _ _ _ ^  - - A ~ - ; ~ ~ X T S ~ S  /'u/ 
(STL #8408-6084-RC-000) 

Space Technology L a b o r a t o r i e s  
(CONFIDENTIAL) 
February 1 5 ,  1 9 6 5  S-9 B 

Lunar S u r f a c e  Models 
(Memo f o r  F i l e )  

R ,  F .  F u d a l i  
( U n c l a s s i f i e d )  
February 1 5 ,  1 9 6 5  S-11 B 

The E f f e c t  o f  Rocket Exhaust Gas 
Impingement on Various Sur faces  - 
memo f o r  F i l e )  

N .  W ,  Hinners  
( U n c l a s s i f i e d )  
February 1 5 ,  1 9 6 5  S-11 B 

P r o j e c t  Apollo - Transmiss ion  
Advantage - of Horn R e f l e c t o r s  - 
~ ~~ 

R e l a t i v e  t o  Casseg ra in  Antennas  mor F i l e )  (MF-5-4332-8) 
E .  J .  Linge r  
B e l l  Telephone L a b o r a t o r i e s ,  I n c .  
( U n c l a s s i f i e d )  
February  1 6 ,  1 9 6 5  S-15 B 

D i v i s i o n  
( U n c l a s s i f i e d )  
February 1 7 ,  1 9 6 5  S-20 B 

- Computation o f  E a r t h  O r b i t a l  
L i fe t imes  f o r  S a t u r n  I B  
Missions /U/!Memo f o r  F i l e )  

J .  J .  Schoch 
(CONFIDENTIAL) 
February 1 9 ,  1 9 6 5  G - 3  B 

The  Micrometeroid Environment 
of  P r o j e c t  Apollo -- 
( 'IF- ij j -2 1 I- 2 ) - -  

J .  S .  Dohnanyi 
( U n c l a s s i f i e d )  
February  2 5 ,  1 9 6 5  S-11 D 

On - t h e  E s t i m a t i o n  o f  Reentry 

J .s. Dohnanyi 
( U n c l a s s i f i e d )  
February 2 5 ,  1 9 6 5  S-11 C 

Shock Geometry ( TM-65-1011-8) 

Summary of  Work Performed Under 
Bellcomm/NASA Task 11 
n R -  6 5 - 2 1 1- 3 ) 

B .  T .  Howard, D .  B .  James, 
G .  T .  Orrok 
( U n c l a s s i f i e d  ) 
February  2 6 ,  1 9 6 5  S-11 B 

S e n s i t i v i t y  Matr ix  Data f o r  
LEM Ascent t o  50,000 Foot 
Orb i t  / U /  (Memo f o r  F i l e )  

I . B o g n e r  

March 3 ,  1 9 6 5  S-9 B 

- 

(CONFIDENTIAL) 

S a t u r n  V/Apollo Hold and 
- Recycle C a p a b i l i t y  (Memo f o r  
C .  Bidgood 
( U n c l a s s i f i e d )  
March 4 ,  1 9 6 5  S-24 B 

F i l e )  
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Ranger VI1 Photo Ana lvs i s  - Communication R e l i a b i l i t y  f o r  t h e  
A ~ o l l o  Manned SDace F l i g h t  Net- 

Communication R e l i a b i l i t y  f o r  t h e  
Apollo Manned Space F l i g h t  Net- 
- work (MSFN) Based on Past  NASA 

Pre l imina rv  Measurements 
w L r k  (MSFN) Based on P a s t  N A S A  o f  Apollo Landing Hazards 

(TM-65-1012-2 1 Network Performance 
(TM-65-2021-2) C .  J .  Byrne 

( U n c l a s s i f i e d )  
March 1 7 ,  1 9 6 5  S - l l  B 

G .  H .  Speake 
( U n c l a s s i f i e d )  
March 9 ,  1965 S-15 B 

P r o j e c t  Apollo - Communications 
Cons ide ra t ions  f o r  Aborts  
During I n j e c t i o n  (Memo f o r  F 
(MF- 5- 4 3 3 4 -1 ) 

Procedure  f o r  Es t ima t ing  t h e  Un- 
i l e )  d e t e c t e d  E r r o r  Rate f o r  t h e  

RCA Data Transmiss ion  System 
TTM-65-1031-1) R .  Cer ino  

B e l l  Telephone L a b o r a t o r i e s ,  I n c .  
I ; U , L , i a S S l ; l e G )  , , I I r 1  

March 1 7 ,  1 9 6 5  S-15 B 

I n _  ? \  , _ _  - 

I n t e r i m  Report  on Lunar Landing 
Systems Engineer ing  Study 

D .  Macchia, J .  Nutant 
(Unc lass  i f  f e d  ) 
March 1 0 ,  1965 S-20 B 

(TH-65-220-1) 

Apollo S a t u r n  V U n i f i e d  S-Band 
Communications and Track ing  
Coverage From L i f t - o f f  Through 
I n s e r t i o n  (Memo f o r  F i l e )  

J .  P .  Malov. H .  P i n c k e r n e l l  
( U n c l a s s i f i e d )  
March 1 9 ,  1 9 6 5  S-15 B 

Design Phi losophy o f  Modulation 
I n d i c e s  f o r  Apollo Un i f i ed  
S-Band Modes w i t h  Ranging 

-_______ 

(TM-65-2021-3) 
J .  D .  H i l l  
( U n c l a s s i f i e d )  
March 11, 1965 S-15 B 

B e l l  Telephone L a b o r a t o r i e s ,  I n c .  
( U n c l a s s i f i e d )  
March 22 ,  1 9 6 5  S-19 B 

S a t e l l i t e  Relay a t  VHF Between 
A i r c r a f t  and Manned Space 
F l i g h t  Network (Memo f o r  F i l e )  

E .  M .  Coombs J .  D .  H i l l ,  R .  L .  Se lden  
( U n c l a s s i f i e d  ) 
March 1 5 ,  1965 S-15 B 

( U n c l a s s i f i e d )  
March 2 9 ,  1 9 6 5  S-15 B 

U n i f i e d  S-Band Communications U n i f i e d  S-Band Communications 
Margins During t h e  Launch Phase 
o f  a S a t u r n  V Apollo Mission 
(Memofor F i l e )  

Optimum Two Impulse Deboost i n t o  
Lunar O r b i t  (TM-65-1011-9) Margins During t h e  Launch Phase 

o f  a S a t u r n  V A ~ o l l o  Mission 
- 

P .  Gunther 
( U n c l a s s i f i e d )  
March 31 ,  1 9 6 5  s-18 B 

(Memofor  F i l e ) &  
J .  D .  H i l l ,  R .  L .  Se lden  
( U n c l a s s i f i e d )  
March 1 6 ,  1965 S-15 B Lunar Landing S i t e  A c c e s s i b i l i t y  

for J u l y ,  1969 (TR-65-209-3) 
V .  S .  Mummert 
( U n c l a s s l f  i e d  ) 
March 31 ,  1 9 6 5  S-9 B 
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H, E, Stephens  
( U n c l a s s i f i e d )  
A p r i l  1, 1 9 6 5  S-24 B 

Summary __ - - o f  Regui r e m e n t  -_I_---- s f o r  
Ins t rument a t  i o n  Ai rc  raf t  
During t h e  I n f e c t i o n  Phase 
. - - - --_.- --s '--- 
- o f  - t h e  - Apollo - - _I_- Lunar - . - Landing -- 
Mission fMsrr,o for F i l e )  

- __ _ _  - - _.l_-L--.LII.---I- 

-*_--I_ 

e T ,  J ,  Hibber t  
( LTnc I ass i f i e d  ! 
Apr i l  2 ,  1965 S-15 B 

Apollo MSFN Track ing  Coverage - --- 
Dulaina S i x t e e n  E a r t h  Revo lu t ions  --__~-.--- 1__1 

a t  10, nm,, A l t i t u d e  f o r  Launch 
--11- 

Azimuths a t  7 2 ,  8 0 ,  90, 100, - 1mDGEes (Memo f o r  F i l e )  
_____-___ 

J .  P o  Maloy 
( U n c l a s s i f i e d )  
Apri l  1 0 ,  1965 S-15 B 

S t a t u s  o f  CALIPS P r e s s u r e  Swi tches  
-_.--I- 

f o r  S a t u r n  IB and S a t u r n  V 
1,aunc.h Veh ic l e s  (Memo f o r  F i l e )  
I - _____ ---- 
- _- --I___F__ 

1,"  G ,  Mil l e r  
( U n c l a s s i f i e d )  
A p r i l  1 3 ,  1 9 6 5  S-24 B 

.. - r r o j e c t  Apcjiio - A i r c r a f t  -Ground 
___I__r-- __I-- ---_- 

Communications U s i n a T . 0 0 0  nm, 
- - Y - - c -  

Alt i t .ude  S a t e l l i t e  Radio R e l a y  
(Memo f o r  F i l e T  ( M F - 5 - m J  
- I_-.-__ _- -_ - - ----- 

E ,  J -  L inger ,  J c  M Trecke r  
B e l l  Telephone L a b o r a t o r i e s ,  Inc 
(Unrilassi  f i e d )  
A p r i l  2 ,  1965 S-15 B 

- Design Phi losophy - _. - for t h e  __--_I--- Frequency 
Modulated ___ - Modes o f  t,he Apollo 
Un i f i ed  S-Band Communications -- _. ~ -_ - ----I_- 

S Z S ' L ~ ~  (TM-65-2021-5) 
J, D .-qfll 
(TJnc!aFFified) 
A p r i l  5 ,  1965 S-15 B 

Advantages 2nd Disadvantages of 
Us3 i?g O n l y  G n i  r i e d  S-Band Corn- 
rnunicatione Systems I n  t h e  
ApalLo S p a c e - r a f t  
(Memo f o r  F i l e )  

--_--.-. _lll_ 

- - ---i - -"- _- - --_- 
- --I - - - - ~ - _ -  - 

-_ __1._3-- 

R, L, Selden ,  A ,  G Weygand 
( U n c l a s s i f i e d )  
A p r i l  6 ,  1 9 6 5  S-15 B 

-- A -I-_- Computer __ _I Program -I-. for - Calculating; 
Coverage of  Space Veh ic l e s  I_ - 
During Powered Phases  b y  E a r t h  
--I--I I__I__- 

- -_I_I_I~-^l--l_ 

Based Communications S t a t i o n s  
{Memo f o r  F i l e r  

._I_._.-__ 

H o  P f n c k e r n e l l  
( U n c l a s s i f i e d )  
A p r i l  8 ,  1965 S-15 B 

L u n a r  S n i l  M e c h a n i c s ,  Lancllng 
2--__- D namics and Apollo S i t e  
Survey -7 iTZ5-2: .  -z' 

I - -_-_-I- _- 

N o  Hinners  
(Unc las  s i  f i e d )  
A p r i l  15 ,  1 9 6 5  S-20 B 

P re l imina ry  Report  on t h e  Hold 
and -- Recycle -*-I- C a p a b i l i t y  f o r  
--- t h e  Apollo S p a c e c r a f t  
( ~~75jT532- 1 ) 

Un c x  1 a s s i f"i e d 1 
V, Muller  
Apr i l  2 0 ,  1965  S-24 B 

- Degradat ion _ - - -  _I o f  Lunar I_ O r b i t e r  Cap- 
a b i l i t y  due t o  P rocesso r  Web 
S t i c k i n g  D e m o  for F i l e )  

D B x i o y d  
(Unc 1 a s s i  f i e d )  
Apr i l  2 0 ,  1965 S-11 B 

Summary o f  Apollo T n t e r f a c e  

G .  B, Troussoff" 

-I_ 

-- A c t l i ~ ~ t ~ ( M e m o  Tor F i l e )  

( U n c l a s s i f i e d )  
A p r i l  2 8 ,  1 9 6 5  S-1 B 

D i g i t a l  Data A c q u i s i t i o n  System 
I --_- 

(DDAS.! f o r  S a t u r n  I B / V  
(Memo f o r  F i l e )  
---- 

D ,  M ,  Duty 
( U n c l a s s i f i e d )  
A p r i l  3 0 ,  1965  5 -21  B 
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Documentation of" D i g i t a l  Computer -_____- 
I Programs __I for* Lunar - - L a n d i s  

---__-_-- ---.-.-- 

Dynamics S p e c i f i c  --- Systems -I--- 

Engineer ing  ----I_L S t u d i e s  (MM-65-5) 
Bendix Produc t,s Aerospace Div i s ion  
( Unc 1 as s f f i ed ) 
May, 1965 S-20 B 

___- Mobi l e  Armirlg -_ ~ Tc?wer - 'TM-65-1073-31 
A "  W ,  S t a r k e y  
(Unp!as s i f i ed )  
May 3, 1965 S-311 B 

B o  H. Crane ,  P R ,  Knaf"f 
(Unc l a s s i  Tied)  
May 7 ,  1.965 G - 2  E 

( U n c l a s s i f i e d )  
May 1-89 1 9 6 5  S-24 B 

S a t u r n  1B:V Data Link E v a l u a t i o n  --.. 
(Progress Report  No, 3 )  
{TR-65-221-2) 

E I* G mmman 
( U n c l a s s i f i e d )  
May 2 0 ,  1965 S-21 B 

Comparison of" Tracking  and 
__-_-___l--_I__--- --____ 

Communication Coverage During 
A p o l l o  S a t u r n  V Launch I n t o  
E a r t h  ss -ana Orbital - - ~ -  - LI- A l t i t u d e s  of 

I--__ _-- _ _  I_ - -l____l- 

. -_--_I --- -- - 
_-- - __-_-I 05  n m , 7 M e G  f o r  F i l e )  

J P Malny 
( U n c l a s s i f i e d )  
May 26, 1965 S-15 B 

A Study nf t h e  Behavior  of  Lunar 
A c c  e s s Tb i 
T i m e  P e r i o d s  P a r t  I - F r e e  

_ _ ~ ~ _ ~  - 
ty-ov??-Extended - - -- 

-I I____--- 

Return  T r a j e c t o r i e s  
7TTC651209-T-J 

2 0. C a p p e l l a r i ,  W .  D o  Kinney, 
A A S a t t e r l e e ,  R ,  D ,  T igne r  
( U n c l a s s i f i e d )  
May 2 8 ,  1965 S-9 B 

Corcpar i s o n  ~f A l t e r n a t e  Implements- _-_- ---- 
t i o n  Schemes Tor S J V  Damage 
Assessment by Vi sua l  Means 
(Memo f o r  F i l e )  

- 
-I-__- -I--- 

_..--- - - - --- 

r' R Knaff 
,' 11 nc  1 a s s i f  1 e d ) 
May 2 8 ,  1965 S-14 B 

J 0 C a p p s l l a r i ,  A -  A, S a t t e r l e e ,  
R e  D T i g n e r  
(Uric l a s s i f i e d )  
May 2 8 ,  1965 S-9 B 

S t a t u s  and Schedule  Moni tor in  
--T---= --_-~-_- __ 

Arsollo Sof tware  (TR- 5-22? -1) - -  
-----I___)_ . 

W kI Keese, e t  a1 
( Unc las s i  ri e d ) 
May 31,  1965 S-22 B 

Bellcomm, Inc Quartel- ly  P rogres s  

( UnFi a s  s f f i e d T  

-1__1 

May 31, 1965 G* B 
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Final Report-Lunar Landing Dynamics 
Specific Systems Engineerin 
Studies (Report No. MM-65-8) 

Bendix Products Aerospace Division 
( Unc las si f ied ) 
June, 1965 S-20 B 

Influence of Hold Capability and 
Recycle Requirements on 
Apollo/Saturn V Launches 
(TM-65-2032-1) 

C. H. Eley, V. Muller, 
H. E. Stephens 
(Unclassified) 
June 3, 1965 S-24 B 

Command and Control from Launch to - Insertion (Memo -for F i l e )  ~~~ ~~~- 

J. P. Downs, M. M. Purdy 
P. E. Reynolds, P. F. Sennewald, 
J. E. Volonte 
( Unclassified ) 
June 8, 1965 S-14 B 

Project Apollo - Aircraft-Ground 
Communication Using Synchronous- 
Orbit Satellite Radio Relay 
(Memo for File) (MF-5-4334-11) 

E. J. Linger, J. M. Trecker 
Bell Telephone Laboratories, Inc. 
(Unclassified) 
June 9, 1965 S-15 B 

AES Flight Mechanics & Performance 

R. Y. Pei 
- 

Capabilities /U/ (Memo for File) 

(CONFIDENTIAL) 
June  10, i965 S-i8 B 

Saturn IB Test Mission for LEM 
Alone on Saturn-Apollo 206 /U/ 
(Memo for File) 

D. R. Valley 
(CONFIDENTIAL) 
June 11, 1965 S-17 B 

Apollo Spacecraft Propulsion Per- 
formance Capabilities for Saturn 
V Lunar Missions and Simulations 
/U/ (Memo for File) 

T. R. Kornreich 

June 14, 1965 S-17 B 
(CONFIDENTIAL) 

- Revised Weight Estimates for NASA 

J. E, Waldo 
( Unc 1 as si f ied ) 
June 15, 1965 s-18 B 

AES and DOD Earth Orbit Missions 
(Memo for File) 

Computer Simulation of Flight Crew 
Operations in Apollo: The 
Nominal Mission (TM-65-2022-1) 

x_---- - 
I_ 

___- - R. J ,  L,itschgi, M. A. Robinson 
(Unclassified) 
June 15, 1965 S-14 D 

Project Apollo - Communications - _-___II_ 

Processor-Analysis _ _ - ~ I _  of Storage 
Funet.ion f o r  Data Flow to the 
MOEDSC (MF-5-4332-31) 
I___ 

R ,  M, Marella 
Be 11 Telephone Laboratories , Inc . 
( Un c 1 ass i f i ed ) 
June 16, 1965 S-19 B 

The Effects of Ground Antenna 
--_-_I 

Gimbal-Lock on Communication 
-_l_-l_- 

CoveraE During Launch 
(Memo for File) 

H, Pinckernell 
(Unclassified) 
June 24, 1965 S-15 B 

A --- Computer Program for Calculating 
the Communications Performance 
of Some Phase Modulated Apollo 
Unified --- S-Band System Modes 
(Memo f o r  File) 

- 
- 
----__I 

- 
c J o  D, H i l l  
( Unclassified) 
June 2 ’ J ,  1965 S-15 B 

Lunar Soi 1 Mechanics Information 
Derivable from Slope Analyses 
(Memo for File) 
c 

N. W ,  Hinners 
(Unclassified) 
June 25, 1965 S-9 B 

(Unclassified) 
June 29, 1965 S-9 B 
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GENERAL NOTES 

(1) " I n d i c a t e s  t e c h n i c a l  work performed under  t h e  Genera l  Miss ion  
and not  i d e n t i f i e d  by a des igna ted  Genera l  Mission number. 

(2) Genera l  Missions ( G - )  
1 -  
2 -  

3 -  
4 -  
5 -  

Miss ion  Planning  and Mission Assurance 
Miss ion  Opera t ions ,  Inc lud ing  Human F a c t o r s  and Commu- 
n i c a t  i o n s  
Veh ic l e  and Spacec ra f t  Systems 
Launch Opera t ions  and Checkout 
Guidance Naviga t ion  

( 3 )  S p e c i a l  Tasks (S-) (Shor t  T i t l e s )  
1 -  
2 -  
3 -  
4 -  
5 -  
6 -  

7 -  
8 -  
9 -  
10 - 
11 - 
12 - 
1 3  - 
14 - 
15 - 
16 - 
1 7  - 
18 - 
19 - 
20 - 
21 - 
22 - 
23 - 
24 - 
25 - 
26 - 

Apollo Program S p e c i f i c a t i o n  
Checkout and Launch f w m  Li~.nrr  ' u r fac  P 
E s t i m a t i o n  of Computing Needs 
C h a r a c t e r i z a t i o n  of Na tu ra l  Environmental  Hazards 
Development of  Mission Assurance Program 
Communications and Tracking System Requirements and 
Planning  
Lunar L o g i s t i c s  
Not I s s u e d  
Apollo T r a j e c t o r y  Analys is  
Development of Checkout Program 
E v a l u a t i o n  of Natural  Environmental  Hazards 
Computer Opera t ions  
Apollo F l i g h t  Test  Plan 
Apollo Opera t ions  Planning and Ana lys i s  
Requirements for and Eva lua t ion  o f  Apollo Communications 
Misce l laneous  Short-Term S t u d i e s  o f  Immediacy 
Apollo F l i g h t  Mission Assignments 
Opera t ions  and E x p l o r a t i o n  P lanning  
Review of Acceptance P lans  for I M C C  Launch Data System and 
Launch T r a j e c t o r y  Data System 
Lunar Landing Dynamics 
S a t u r n  I B / V  Launch Vehic le  Computer C o n t r o l l e d  ESE System 
Management Procedures  i n  Computer Programming for Apollo 
Not I s sued  
MILA Opera t ions  and Equipment Review 
MSF Cen te r  Computer Opera t ions  S t a n d a r d i z a t i o n  
S a t u r n  JB/Centaur Systems Engineer ing  

(4) Following i s  a l i s t  o f  d e f i n i t i o n s  f o r  t h e  codes used i n  t h e  
v a r i o u s  r e p o r t  numbers: 

TR - Bellcomm Techn ica l  Report 
TM - Bellcomm Techn ica l  Memorandum 
MM - Bendix Products  Aerospace D i v i s i o n  Report  
MF - B e l l  Telephone L a b o r a t o r i e s  Plemorandum for F i l e  


